Strain FIRDI 006 T , isolated from silage cattle feed, was characterized by using phenotypic and molecular taxonomic methods. The strain was a homofermentative lactic acid bacterium; the cells stained Gram-positive and were catalase-negative, non-motile, facultatively anaerobic rods. 16S rRNA gene sequence analysis revealed that the strain belongs phylogenetically to the genus Lactobacillus and can be placed within the Lactobacillus acidophilus-delbrueckii group. Lactobacillus gasseri and Lactobacillus johnsonii were the most closely related species, with 16S rRNA gene sequence similarities of 99.53 and 99.46 % to the respective type strains. Low gyrB gene sequence similarities (,90 %) and low DNA-DNA reassociation values (,45 %) were obtained between the strain and the phylogenetically closest neighbours. Based on phenotypic and genetic evidence, the strain is considered to represent a novel species, for which the name Lactobacillus taiwanensis sp. nov. is proposed. The type strain is FIRDI 006 T (5BCRC 17755 T 5DSM 21401 T ).
Lactobacillus acidophilus is a Gram-positive, non-sporulating, rod-shaped, catalase-negative, non-motile, homofermentative and facultatively anaerobic bacterium (Hansen & Mocquot, 1970) . Its health benefits make it one of the most important probiotic species (Metchnikoff, 1908; Huis in't Veld, 1992; Ferencik et al., 2000; Taranto et al., 2004) . The Lactobacillus acidophilus species group is composed of L. acidophilus and its phylogenetically closest relatives (Felis & Dellaglio, 2007; Naser et al., 2007) . Some of these species are quite difficult to distinguish by phenotypic characteristics, but can be differentiated by DNA-DNA hybridization, gene sequence analysis and DNA typing (Johnson et al., 1980; Berger et al., 2007; Naser et al., 2007) . A polyphasic taxonomic study of the members of the L. acidophilus species group and a novel strain, FIRDI 006
T , was performed using phenotypic characterization and phylogenetic and genetic methods. T were selected for further comparative study.
Chromosomal DNA was isolated using the Qiagen Blood & Cell Culture DNA kit. The 16S rRNA gene sequence was amplified by PCR and sequenced using the MicroSeq Full Gene 16S rDNA Bacterial Identification kit (Applied Biosystems). Sequencing was performed with a 3730 DNA sequencer (Applied Biosystems and Hitachi). Sequence assembly was performed using the ABI PRISM DNA Sequencing Analysis software (PE Applied Biosystems). Sequence similarity was calculated using the EzTaxon server (http://www.eztaxon.org/; Chun et al., 2007) . The sequences obtained in this study and from GenBank were aligned using the CLUSTAL_X program, version 1.8 (Thompson et al., 1997) , and phylogenetic trees were constructed with the neighbour-joining, maxi-mum-parsimony and maximum-likelihood methods using the PHYLIP computer program package (Felsenstein, 2005) . Sequence distances were calculated by the F84 model (Felsenstein, 1984) . Bootstrap analysis was made with 1000 replicates ( Fig. 1 and Supplementary Figs S1 and S2, available in IJSEM Online). Tree figures were drawn by TreeView. The results of the phylogenetic analysis indicated that strain FIRDI 006 T belongs to the genus Lactobacillus and is closely related to the Lactobacillus acidophilus-delbrueckii group (Fig. 1) . It has been reported that six genome clusters (A1-A4, B1 and B2) exist within the L. acidophilus species group (Johnson et al., 1980; . Homology groups B1 and B2 were designated L. gasseri and L. johnsonii by and Fujisawa et al. (1992) . Strain FIRDI 006
T was included in a monophyletic cluster that contained L. gasseri and L. johnsonii. The highest levels of sequence similarity were with the type strains of L. gasseri (99.53 %) and L. johnsonii (99.46 %). The lowest level of sequence similarity was with the type strain of Lactobacillus iners (95.14 %). To differentiate further between strain FIRDI 006 T and closely related species, the partial sequence for the gene encoding the subunit B protein of DNA gyrase (gyrB) was included in the phylogenetic analysis for comparative purposes. The gyrB gene was amplified by PCR as described previously (Yamamoto & Harayama, 1995) . The PCR was performed using a Taq DNA polymerase kit (Invitrogen). PCR products were purified with the PCR-M clean up system (Viogene) and sequenced with a BigDye Terminator v3.1 cycle sequencing kit (Applied Biosystems). DNA sequencing was determined using degenerate gyrB primers for strain FIRDI 006 T , UP-1S and LA900R (59-CCTGGCAARTTDGCAATTTC-39) and, for other related Lactobacillus species, primers UP-1S, LA900R and UP-2Sr (Yamamoto & Harayama, 1995) . Sequence similarity was calculated using the program EMBOSS-Align (NeedlemanWunsch global alignment) (http://www.ebi.ac.uk/). Using the method described above, the sequences obtained in this study were also aligned and phylogenetic trees were constructed ( Fig. 2 T and other members of the related cluster were less than 83 %. The gyrB gene sequence was a reliable indicator that the isolate was significantly differentiated from L. johnsonii and L. gasseri.
DNA G+C contents and DNA-DNA relatedness were determined as described previously (Tamaoka & Mukai et al. (2003) ; other data were obtained in this study. All strains grew at 45 uC and at pH 6.5 and 8.0. All strains grew in medium with 2 % NaCl, but not with 7 % NaCl. None of the strains produced gas from glucose. All strains produced acid from D-glucose, D-fructose and maltose. None of the strains produced acid from D- Table S1 ). These values are well below the threshold of 70 % that has been suggested for species delineation (Stackebrandt & Goebel, 1994) , indicating that strain FIRDI 006
T represents a separate genomic species.
Morphological, physiological and biochemical characteristics of all strains were determined by using cells grown on MRS agar plates or in MRS broth for 2 days at 37 u C under anaerobic conditions. The characteristics of strain FIRDI 006 T (described in detail in the species description) were compared with those of type strains of closely related species ( T grew at pH 4.0, 6.5 and 8.0 and in medium containing 2 and 5 % (w/v) NaCl. Strain FIRDI 006 T did not produce gas from glucose or gluconate, as examined with Durham tubes; the absence of CO 2 production could indicate either an obligately homofermentative or a facultatively heterofermentative metabolism (Hammes & Vogel, 1995) . Carbohydrate fermentation patterns were evaluated using the API 50 CHL system (bioMérieux) according to the manufacturer's instructions. The results were recorded after 48 h at 37 uC. All strains were found to display similar fermentation characteristics.
Based on the reported data, the phenotypic characteristics of the isolate were similar to those of its phylogenetically closest relatives, L. gasseri and L. johnsonii, and other homofermentative Lactobacillus species (Table 1) 
